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STELLARATOR

Princeton’s $34,000,000 Project

For Thermonuclear Power

Declassified by

230

At the Geneva Conference

ROBERT A. ELLIS JR.

HEN the Atomic Energy Commission
declassified;Project Sherwood, the code

name for its activities in the field of con-

trolled thermonuclear reactions, it may have come

as a surprise to Princetonians that a large portion

of the work was being carried out at Princeton

£ University at the James F orrestal Research Cen-
* "ter under the name Ptoject' Matterhorn. The re-
- search at Princeton”is directed by Professor Ly-
man Spitzer Jr, g'38, who is the Charles A. Young
Professor of Astrénomy and Chairman of the As-
tronomy I)eparftm’éifitff 951, Professor Spitzer

conceived of a“device; Wwhich he called a Stellara-
tor,"which could, in principle, produce controlled
thermonuclear reactions. Since then he has pur-
sued these ideas at Project Matterhorn with the
aid of a staff which has grown to more than two
hundred people. Presently under construction at
the James Forrestal Research Center is a large
complex of buildings and ‘machinery, the Model-
C Facility, which will make possible more ad-
vanced research in this area.

Many questions may occur to interested persons
as-they.hear more about Project Matterhorn and
its \vonk,weiﬁsh@%gttempt here to anticipate many

I)r,_‘lj‘.lylis'_gr;';;iu”ult(l fr$n| Fisk 'l'nivcrsily in 'l'v;nrm-sscc' m 19 .ng thesei;guerles a d& A o &R&Wﬁs we
(he ey year ot i ALS, from Yakeand hix PhD. from the Uni- " dliscuss, in turn, the significance'of achisving con.

n. 1984, At the time he was appointed an experi-
drinceton’s Project Matterhorn, he was Associ-
ate Profess wics -at Alabama Agriculiural and Industriad
College. Despited tichecking of this article by his colleagues,
he 'still feels hat in the ‘interest of- popularization he has over-
simplified lhc"‘t‘hmry of the Stellarator and minimized the formida-
ble technological difficulties which lie ahead; he urges the lavman
with a scientitic bent to read the official history published by the
Atomic Energy Commission this month: Operation Shercood by
Amasa Bishop ( Addison-Wesley Publishing Co,, Cambridge, Mass, ).
‘This was brought out to coincide with the second International
“Atoms for Peace™ Conference in Geneva, which was attended by
24 Princeton scientists. ‘The ultimate goal of Stellarator research
is explained in the “On the Cover™ box on the preceding page. “The
art wark on pages 8-9 and the cover are by Jerry Motyvka of the
Matterhorn staff. For reasons of space Dro Ellis' description “of
the parallel experiments at Los Alimos, Berkeley, and Oak Ridye,
which attempt a controlled thermonuckear reaction by technigques of
the “pinch effect” the “magnetic mirror,” or the “Direct Curpent
Faperiment™ (DCX) had to be omitted - -Fn
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t'roﬂed;,;tﬁéié*mmonucleq; reactions; the organization .
of Project Matterhorn; contralled.. otiucleat™
reactions in general; ‘Yittie=basie*¢oiieepts in-
volved in the Stellarator.

Studies of nuclear physics during the last thirty
vears have revealed that there is a net energy re-
lease when certain of the very light nuclei react to
form heavier nuclei. These reactions, called ny-
clear fusion or, just as frequently, thermonuclear
reactions, account for and are caused by the high
temperatures of the stars of the heavens:and these
reactions also account for much of the energy
released in an H-bombh explosion on carth. A con-




DEMONSTRATION STELLARATOR SHOWN AT GENEVA CONFERENCE

trolled thermonuclear (or fusion) reactor can be
defined as a device in which the appropriate nu-
clei of light elements can undergo nuclear fusion
with the result that under controlled conditions,
useful quantities of energy, in excess of that re-
quired for operation, can be extracted. Although
there are proposals for utilizing actual H-bomb
explosions to get power from thermonuclear reac-
tions, we will not be concerned with such methods
here.

Now let us examine the status of the world’s
energy resources and the current predictions on
the rate of increase of power consumption. The
significant energy sources at present are the fossil
fuels, coal and oil, and uranium which can supply
energy by nuclear fission. If the present rate of
growth of power consumption persists, and there
is reason to believe it will increase, one hundred
vears from now the rate of power consumption will
be about one thousand times the present value.
How long could fossil and fission fuels supply
this estimated rate of power consumption? The
known oil reserves of the world would last about
a month, the coal would last about half a vear;

and even fission fuels would last only a few dec-
ades. We might mention in passing that in addi-
tion to the problem of radiation accidents, if a sig-
nificant fraction of the power were derived from
fission fuels, the radioactive wastes to be disposed
of would be comparable in amount to that pro-
duced by thousands of atomic explosions each
week.

If a controlled thermonuclear reactor can be
made a reality, deuterium (the most likely fusion
fuel), which is found in water, could supply one
thousand times the present power consumption for
one billion years, with negligible radiation prob-
lems. These estimates of energy consumption and
energy resources clearly indicate that utilization
of nuclear fusion as an energy source will be nec-
essary if civilization as we know it is to survive,
Tt is also clear that controlled thermonuclear pow-
er will be needed within this century. A further
consideration of importance is that the distribu-
tion of water, and hence deuterium, is reason-
ably uniform the world over, and there would be
no “have not” countries in the sense of inadequate
energy resources. Still another favorable factor is
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the low cost of deuterium. At present date prices,
ten cents worth of deuterium could supply as much
energy as three hundred gallons of ;{asolinc. Un-
fortunately, the problem of producing a controlled
thermonuclear reactor has not been solved, and
indeed, it may be insoluble. This is the task con-
fronting scientists at Project Matterhorn and at
other places all over the world.

Despite the fact that we have already stressed
the importance to mankind of vigorously pursu-
ing research toward realizing controlled thermo-
nuclear reactions, some may feel that, however
worthy, such a large scale endeavor as Project
Matterhorn may be somewhat out of its element at
a university. It should be acknowledged that such
large projects do generate problems for a univer-
sity. I believe the following discussion of the ideas
and status of research in the controlled thermo-
nuclear reactor field will show that this research
is really basic. If we can substantiate this conten-
tion, then Project Matterhorn is not in conflict
with the accepted research function of Princeton
University.

Since 1951, theorists at Project Matterhorn
have thoroughly analyzed the fundamental con-
cepts of the Stellarator and have pronounced them
sound. During this same period of time several
research devices, which are also called Stellarators,
have been built at Project Matterhorn for the pur-
pose of subjecting the theoretical concepts to ex-
perimental verification. By mid-1957 the results
of the theoretical and experimental investigations
indicated the need for a research Stellarator which
would have to be much larger than those in exist-
ence. On the basis of the results just referred to,
the Model-C Stellarator Facility was planned and
approved.

The research at Project Matterhorn is carried
out under a cost reimbursement contract between
Princeton University and the Atomic Energy Com-
mission. The Atomic Energy Commission mon-
itors Project Matterhorn through its New York
Operations Office with Mr. Merril Eisenbud as
Manager of Operations. The New York Opera-
tions Office has, in turn, set up a Princeton Area
Office, with Mr. Enzi De Renzis as Area Manager,
because of the large amount of administrative
work involved with Project Matterhorn as well
as with the Princeton-Pennsylvania Accelerator
Project, which is not connected with Project Mat-
terhorn. The Committee on Project Research and
Invention, headed by Professor Henry D). Smyth
"18, is the agency which generally supervises re-
search of this type within the University. How-
ever, the size of Project Matterhorn is large
enough to require its own review committee which
is, essentially, a parallel committee to the Com-
mittee on Project Research and Invention. Pro-
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FIG. 5: DETAIL OF B-3 STELLARATOR
fessor Smyth is the chairman of this committee
also, and it is made up of representatives from
the parent committee, Project Matterhorn, and
several other members of the faculty.

Professor Spitzer is the director of Project Mat-
terhorn; Dr. Melvin B. Gottlieb is the associate
director and head of the Experimental Division;
and Professor Norman B. Mather of the FElec-
trical Engineering Department is the assistant di-
rector and head of the Engineering Division. In
addition to the Experimental and Engineering
Divisions, there are the Theoretical Division,
headed by Dr. Edward A. Frieman; the Machine
Development Division, headed by Dr. Robert G.
Mills; and the Administrative Division headed
by Mr. Robert Von Verdo. The division heads and
Professor Spitzer comprise Matterhorn Fxecutive
Committee. The staff of Project Matterhorn has
grown from two in 1951 to two hundred and
twenty-four at present. About half of the staff is
at the professional level, with the remainder con-
sisting of technicians, machinists, clerical and
other supporting personnel.

After the proposal to build the Model-C Facil-
ity was approved and funds made available by
the Atomic Energy Commission, Princeton Uni-
versity subcontracted with the Allis-Chalmers
Corporation to build the Model-C machine and
associated power supplies to requirements pro-




vided by the Project Matterhorn staff, Allis-
Chalmers in turn has subcontracted with the Radio
Corporation of America for the design and de-
velopment of parts of the Model-C Facility. ‘The
result of this alliance between Allis-Chalmers and
RCA is a group called C-Stellarator Associates
'with Mr. Leonard Linde of Allis-Chalmers as
Manager and Dr. Edward Herold of RCA as As-
sociate Manager. C-Stellarator Associates is quar-
tered at the Forresta] Research Center in the
Theobald Smith House with a staff of about sixty
people. The Model-C steering committee is the ad-

ministrative link between Project Matterhorn and
C-Stellarator Associates.

The operating budget of Project Matterhorn
for the current year is about five million dollars.
The estimated cost of the complete Model-C Fa-
cility is about thirty-four million dollars; of this
amount about 8 million is being spent by the
Atomic Energy Commission Princeton Area Office
directly, rather than through the contract with
Princeton, for structures and site work on the sev-
enty-acre tract set aside for this research at the
eastern corner of the Forrestal Research Center.

THEORETICAL CONSIDERATIONS

AS an aid in our discussion of the Stellarator, we shall

acquaint ourselves with the basic physical principles
of a controlled thermonuclear reactor. Atomic nuclei are
collections of protons and neutrons which are positively
charged and tend to repel each other. However, if we give
an atomic nucleus sufficient energy (or velocity) it can
overcome this repulsive force and collide with other nuclei.
These collisions are of interest here. We will consider the
collisions of the heavier varieties of hydrogen nuclei. Hy-
drogen has three isotopes: (1) ordinary hydrogen whose
nucleus is the simplest of all atoms; it consists of a single,
positively charged proton, (2) deuterium, which consists
of a proton and a neutron joined together, occurs natural-
lv with 0.02 per cent of the abundance of ordinary hydro-
gen (the nucleus is called a deuteron), (3) tritium. which
consists of a proton and two ncutrons, is radioactive with
a half life of about twelve vears and is not found in na-
ture (the nucleus is called a triton). When two deuterons
collide, under some conditions they stick together (fuse)
and produce new particles and a net relcase of energy by
two reactions. (Fig. 1 illustrates these reactions.) This
release of cnergy is manifested as kinetic cnergy of the
products of the reaction. To illustrate this last point with
an example, assume that somehow we could get two deu-
terons close enough to each other to fuse while they are
both at rest. Then the products of the fusion reaction
would be formed with cnergies of motion equal to the
energy release mentioned above. The reaction of a deuteron
and a triton is a particularly attractive reaction since we
get here a normal helium nucleus and a ncutron and four
or five times the energy when two deuterons react.

The most important fact that comes from the data on
the reactions of hydrogen nuclei is that there is a net re-
lease of encrgy. This energy release at the expense of a
decrease in mass, in accordance with the celebrated equa-
tion of Einstein, E = mc®. This mecans that if one is suf-
ficiently clever and if nature is not too contrary, one might
make a device which could utilize this reaction as an en-
ergy source. The hydrogen homb is awesome evidence
that this goal has alrcady been successfully attained in an
uncontrolled manner,

From the kinctic theory of gases we recall that we con-
sider a gas above absolute zero to bhe a collection of ran-
domly moving atoms which are colliding with each other.

We will call this random motion thermal motion. The
pressure of a confined gas and the rundom thermal veloci-
ties increase as we increase the temperature. If we con-
tinually increase the temperature of a gas the random
motions of the atoms hecome so violent that the negative
clectrons are stripped from their parent positive nuclei and
become free agents in a gas composed of negatively and
positively charged nuclei, with hoth tvpes of particles in-
dependently moving randomly about each other. This gas
of positively and negatively charged particles is called a
plasma, and its propertics are so distinctive that it might
qualify as a fourth state of matter.

What high temperature would be required? To deter-
mine this temperature we calculate the rate of energy
production from the nuclear reactions a8 we increase the
temperature and we calculate the rate of cnergy Joss as
we increase the temperature. The temperature at which
the encrgy production exceeds the energy losses is the mini-
mum operating temperature. This temperature, which will
be referred to as the ignition temperature, varies with the
assumed operating conditions., A reasonable value to aim
for is about 100.000,000° C.

At a temperature of one hundred million degrees, every
known material would instantly vaporize. Somehow, we
must produce a non-material container, I.ct us now; recall
another basic principle. In a uniform magnetic field, a
charged particle moves freely along the field, but moves
in a circular path in the plane perpendicular to the field,
If we imagine lines which lic in the dircction of a mag-
netic field. called lines of force. we can conveniently think
of charged particles moving in helical or “corkscrew”
path about a magnetic ficld line as if they were “stuck”
to the line. The frequency of rotation about the ficld line
is called the cyclotron frequency. Figure 2 i< intended to
illustrate the motion of particles in a uniform magnetic
field. The coil showrt in Fig. 2, which is called a solenoid,
can produce a uniform magnetic field.

A magnetic field restricts the motion of particles in
directions perpendicular to it ‘This is precisely the sort of
action we need, but something has to be done about the
motion along the field. Otherwise plasma particles would
leave the reacting region by moving along the ficld lines.
Fortunately there are measures available to us to combat
the undesired cffects of motion along the magnetic ficld.
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Magnetic containment, although not periect, chould be
adequate for a controlled thermonuclear reactor: When a
magnetic ficld is used for containment of a plasma, it is
frequently referred to as @ “magnetic bottle.” Adequate
confinement means that an average particle of the plasma
is retained in the plasma for a length of time about equal
to the average time required for it to undergo 2 nuclear
reaction. We will not be much in error if we take the time
to be a few seconds. \We might note in passing that the
eNOTMmous gru\'itation:ﬂ/f\clds of stars are responsible for
the confinement of their plasmas and that the terrestrial
gruvit;\tkmal field is much too weak to serve the same pur-
1)05(‘.

Up to now, our discussion is reasonably well founded
on experiment, with. the exception perhaps of our confi-
dence in magnetic containment of a hot plasma. The prob-
lem of ultimate heating to the operating temperature has
not been solved completely, even theoretically, but there
are some extremely promising ideas under active investiga-
tion. Since charged particles are accelerated by electric
ficlds, most proposals for heating a plasma to the ignition
temperature require the use of either a directly applied or
an induced electric field (one caused by a changing mag-
netic field). |

T'o round out the general discussion of controlled thermo-
nuclear reactors we consider the extraction of the energy.
There are plans in many cases to incorporate a controlled
thermonuclear reactor into a conventional thermal cycle
for the generation of electrical power with the reactor I¢-
placing the source of heat. 1t is important to note that be-

cause some of the reaction products are charged particles,
it is possible, in principle, 10 make direct conversion of
thermonuclear power to electrical power.

After following through the above analysis of the re-
quirements of a controlled thermonuclear reactor, we might
ask ourselves if we have forgotten anything important, and
it turns out that we have. So far we have assumed that the
deuterons in the plasma are independently colliding to give
us fusion and power, but we have ignored the fact that
there might be effects in the plasma due to the presence of
large numbers of particles. We call the effects of collective
actions of particles cooperative phenomena. We know that
cooperative phenomena will be of importance in both con-
finement and heating. Hence, W€ must devote a large effort
to opening up this virgin scientific territory.

We have also neglected to stress the importance of mini-
mizing the concentration of impurities in the plasma. The
effect of impurities is to increase greatly the energy loss.
from the plasma due to radiation. For example, at 2 given
temperature, a one per cent concentration of carbon impur-
ity in a deuterium plasma would increase the energy loss
due to radiation by about thirty-six per cent and the situa-
tion is worse for heavier elements. A large part of the effort
in making a controlled thermonuclear reactor must be de-
voted to reducing the concentration of impurities.

Now we can sum up our discussion of the basic prin-
ciples and problems by stating that if we are to succeed in
making a controlled thermonuclear reactor, W& must heat
a deuterium plasma to about 100,000,000°C in an ap-
propriate confining configuration.

THE PRINCETON STORY

AFT;-‘.R reading a News report in 1951, which subse-
quently proved to be false, that one Ronald Richter,
working in Peron’s Argentina, had reached the threshold
of a controlled thermonuclear reaction, Lyman Spitzer be-
gan to think about how this feat might be achieved. The
culmination of this activity of Professor Spitzer was the
Stellarator. The Stellarator is 2 device which, in theory,
can satisfy the condition which we have set forth for a
contralled thermonuclear reactor. We shall now see how
the Stellarator meets the requirements of confining and
heating a plasma.

\We begin with the confinement of a plasma in a Stel-
larator. A uniform magnetic field confines a plasma in
directions pcrpcndicular to the field, but is ineffective in
preventing ctreaming of particles out the ends. When we
close a solenoid on itself to form 2 toroidal or ring-shaped
coil. we find that the magnetic ficld lines close on them-
celves and that the magnetic field becomes non-uniform
GCTONS Q4 CTORS cection. ‘The effect of this non-uniformity is
to cause particles of oppoxite charge to drift in opposite
dircctions, ACFOSS the magnetic ficld, and create clectric
ficlds which act to destroy the confinement. If this ring-
<haped coil is twisted into a sort of figure-8, it hecomes
po=sible for particles moving along magnetic ficld lines
to cancel the undesired clectric ficlds. 1f we follow a line
of force many times around this twisted toroid, it does not
lowe on itself but intersects a given Cross section at suc-
cos=ively rotated points. This property of a magncetic field
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which has a twist is called rotational transform and it is
essential to the Stellarator.

Further investigation of magnetic fields with rotational
transform has led to the development of the “racetrack”
type of Gtellarator. This type of Stellarator retains the
basic geometry of a simple toroid and provides rotational
transform by adding some helical or «corkscrew” conduc-
tors to a simple toroidal configuration. The “racetrack”
type of Stellarator has been chown theoretically to be capa-
ble of providing stable equilibrium confinement of 2 hot
plasma.

The heating of a Stellarator is of two types, ohmic and
magnetic pumping. Ohmic heating is quite analogous to
the heating of 2 wire when a current passes through it.
To apply ohmic heating to a plasma an electric field is
induced parallel to the confining field. Since charged par-
ticles flow freely in the direction of a magnetic field, a
current flows when an electric field is applied parallel to
a magnetic field. The heating effect of this current is suffi-
cient to heat a plasma to about 1,000,000°C, at which
temperature the plasma becomes such a good conductor
that ohmic heating is rendered too inefficient to be of
further use.

Magnetic pumping refers to the heating of the plasma
by electric fields which are perpendicular to the confining
magnctic ficld. These pcrpcndicul:\r clectric fields are in-
duced by periodically changing the magnetic confining
fields. These clectric fields mainly act on the ions. Theo-



FIG. 6: MOCK-UP OF MODEL-C NOW UNDER CONSTRUCTION

retical studies at Project Matterhorn have indicated that
heating by magnetic pumping should be effective in heat-
ing a plasma to the ignition temperature. This theory ig-
nores cooperative effects because they are not well enough
known to incorporate into theoretical models. Figures 3
and 4 show schematic arrangements for both types of heat-
ing on both figure-8 and “racetrack” types of Stellarator.
To reduce the impurity level in a Stellarator the emission
from the walls of the material container is made ex-
tremely small by means of ultra-high vacuum techniques.
A further step in impurity control is provided by the di-
vertor which is illustrated in Fig. 4. The divertor acts to
lcad the particles in the outer layer of plasma away from
the reacting region. Since it is likely that most of the im-
puritics will ke near the wall of the vacuum vessel, the
divertor is expected to play an important role in reducing
the impurity level as it continuously shunts the outer
plasma layer away from the central core of the plasma.
The theoretical analysis of the entire Stellarator concept
has not revealed any tragic flaw, and we can honestly say
that the Stellarator represents a most promising approach
to a controlled thermonuclear reactor. However, most of
what we have said so far is based on theoretical considera-
tions, sound notions, to be sure, hut still theoretical. Now
we come much closer to the more immediate goal of Project

Matterhorn. The question to be answered is: Will a Stel-
larator work in practice?

Several small scale experimental models of Stellarators
have been built since 1951, The Model A Stellarator was
constructed by I’rofessor Spitzer and his co-workers in
1952 to test the idea that rotational transform would pro-
vide a means of combating the drifts of particles in toroidal
systems. By operating Model A as a figure-8 and as a
toroid, he was able to show that the figure-8 geometry
showed a definite advantage over the toroidal geometry in
agreement with the theoretical expectations. In this Stel-
larator a radio-frequency type of ohmic heating was used
to produce a relatively cold plasma.

In 1954 the B-1 Stellarator was completed. It is a fig-
urc-8 type Stellarator. The vacuum system for this ma-
chine was of conventional design. The confining ficld was
pulsed with a maximum value of about thirty kilogauss.
Only ohmic heating was provided. Results obtained from
the B-1 Stellarator confirmed the belief that ohmic heat-
ing could raise the temperature of a plasma to several hun-
dred thousand degrees. The single particle confinement of
Stellarators was found to be excellent. Impurities were
present in such large quantities that measures were taken
to utilize ultra-high vacuum techniques to reduce the
emission of impurities from the walls of the container,
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In 1936 the B-1 machine was reconstructed and provided
with an ultra-high vacuum system. The results obtained
indicated that although the impurity level was much re-
duced, the concentration was still high cnough to interfere
with heating. Also, investigations conducted with this Stel-
larator revealed that the particles in a relatively quiescent
cold plasma could be confined for as long as ten milli-
seconds but that the average confinement time for the par-
ticles in a plasma during the obmic heating phase was
only a few tenths of a millisecond. The short confinement
time during ohmic heating is almost certainly due to co-
operative phenomena at work in the plasma. The nature of
the cooperative effects is such that one believes a more ap-
propriate name could Le found!

The B-2 Stellarator was completed in 1956. It was
equipped for both ohmic heating and magnetic pumping.
Otherwise it is much the same as the B-1 Stellarator.
Originally assembled with a conventional vacuum system,
it was subsequently fitted out with an ultra-high vacuum
system. For ohmic heating the B-2 Stellarator gave re-
sults similar to those obtained from B-1, including the
short confinement times and impurity effects. When mag-
netic pumping was attempted on B-2, there was little heat-
ing observed. This result was not unexpected hecause the
theory was hased on much longer confinement times. The
B-2 Stellarator was exhibited at the recent Atoms for Peace
Conference in Geneva,

The B-64 (1955) and B-65 (1957) Stellarators were
simpler to build than the.other Stellarators mentioned
here, but they operate at somewhat lower pulsed confining
ficlds. B-64 ix a figure-8 type Stellarator and B-65 is a
“racctrack™ type. Both had pulsed confining fields of about
15,000 gauss and somewhat larger plasma diameters than
the B-1 and B-2 stellarators. Here again the results are
in substantial agreement with those obtained on other ma-
chines. These machines have conventional vacuum systems,
but are extremely flexible in application. Consequently they
are well suited to testing new ideas. The divertor which
was first installed on B-64, reduced the impurity level by
a considerable factor as expected. The B-65 machine has
Leen used to investigate magnetic pumping at the ion cyclo-
tron frequency. B-G6 (to be ready in December, 1958) is
the lutest and probably the last in the series of machines
of relatively simple construction. It is of the “racetrack”
tvpe and will have a substantially higher confining field
than B-64 or B-65 and an ultra-high vacuum system. It
has heen designed primarily to test the heating by magnetic
pumping at the ion cyclotron frequency.

In 1957 the B-3 Stellarator was completed, It is a fig-
ure-8 Stellarator designed to operate with a 50,000 gauss
pulsed confining field with a useful duration of about
0.01 second, and can be assembled in a variety of con-
figurations for experiments with magnetic pumping, di-
vertors, helical windings (note that helical and figure-8
geometrics are not incompatible), and ohmic heating. Its
initial operation was devoted to studies of cooperative
phenomena duringohmic heating in the simple figure-8
configuration with results in agreement with those previ-
ously obtained. Figure 5 is a photograph of the B-3 Stel-
larator.

The “Ftude” Stellarator is a Stellarator of the “race-
track” type with helical windings and a direct current
confining ficld. It was primarily designed as a device to
produce a relatively low temperature plasma for general
study purposes. Tt is equipped with an ultra-high vacuum
system, It began operating during the past summer and, at
present, is being used to investigate cooperative phenomena,

Summarizing the results of theoretical and experimental
investigations concerned with Stellarators, we could state
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that, theoretically, a Stellarator should be capable of con-
fining a plasma and heating it to the temperature at which
thermonuclear reactions would be self sustaining, Experi-
mentally, we have found that ohmic heating can raise a
plasma to a temperature of nearly one million degrees, but
that during ohmic heating cooperative phenomena ap-
parently are reducing the confinement time of particles to
values much below that expected for a quiescent plasma.
We have also found that the effects of impuritics are dom-
inant in conventional vacuum systems, and remain im-
portant, but of greatly reduced influence in ultra-high
vacuum systems, While there are numerous studies of value
which can be and are being pursucd on the existing Stel-
larators, it has become obvious that further fundamental
advances require a new and larger Stellarator.

On February 1, 1961, the name of
Project Matterhorn was changed to the
Plasma Physics Laboratory, Princeton
University. While the goal of the Lab-
oratory remains unchanged, the con-
trolled release of thermonuclear

power, this change of name acknowledges

the major role played by basic plasma

physics in the progress towards this goal.




